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(54) Phase shifter, phased-array antenna, and radar 



(57) A phase shifter includes upper (10) and lower 
(11) conductive plates, and a dielectric strip (12) sand- 
wiched between the conductive plates (10, 11), and a 
plurality of slots (8) fonned in the upper conductive plate, 
thereby forming a dielectric line. A rotator (3) is posi- 
tioned at either side of the dielectric strip (12) so that the 



distance from the rotator to the dielectric strip varies as 
the rotator (3) rotates. As the rotator (3) rotates, the 
phase constant of the dielectric line progressively 
changes in the direction of electromagnetic propaga- 
tion. The rotation of the rotator (3) causes a change in 
feed phase with respect to the slots as the rotator (3) 
rotates, thereby performing beam scanning. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a phase shifter 
for shifting the phase of signals propagating on a trans- 
mission line, and to a phased-array antenna and radar 
incorporating the phase shifter. 

2. Description of the Related Art 

[0002] A typical phase shifter for shifting the phase of 
electromagnetic waves propagating on a transmission 
line includes a dielectnc plate which is positioned with 
respect to a waveguide so as to be freely Insertable into 
the waveguide. 

[0003] In an exemplary phased-array antenna includ- 
ing arrays of a plurality of slot antennas, a movable 
spacer plate can be moved back and forth to control feed 
phase with respect to each of the slot antennas to per- 
form beam scanning. 

[0004] However, such typical phase shifters or 
phased-array antennas have the following problems. 
[0005] Since a typical phase shifter controls the phase 
by adjusting the amount by which the dielectric plate is 
inserted into the waveguide, for example, it is necessary 
to move the dielectric plalo back and forth in order to 
periodically change the phase. The stmcture which fa- 
cilitates the back-and-forth movement of the dielectric 
plate makes It difficult to maintain high mechanical reli- 
ability, and also makes it difficult to move the dielectric 
plate back and forth at high speed. 
[0006] Furthemiore, there nas been no example in 
which a typical phase shifter is applied to a transmission 
line, such as a mk:rostrip line, fornied on a dielectric 
plate or a dielectric line fooncd by placing a dielectric 
strip between two metal plates 
[0007] A typical phased-array antenna requires a re- 
movable spacer plate to be moved back and forth in or- 
der to control feed phase with respect to a plurality of 
slot antennas, and it is difticult to control the phase at 
high speed. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, it is an object of the present inven- 
tion to provide a phase shifter capable of periodically 
controlling phase at high sDccd and formed of a planar 
transmission line such as n mcrostrip line or a dielectric 

linr*- Anothor- nbio eit of the procont invontioo.ie lo prcvido 

a phased-an-ay antenna which uses the phase shifter to 
achieve rapid beam scanning with a simplified overall 
structure, and to provide a radar which uses the phased- 
array antenna to quickly change the radar coverage 
range 

[0009] To this end. the present invention provides a 



phase shifter including a substantially planar dielectric 
plate, a conductive strip formed on the dielectric plate, 
and a rotator at least partially including a conductor and 
a dielectric, the rotator being positioned in proximity to 

5 the conductive strip so as to freely rotate. 

[0010] Therefore, the conductive strip on the dielectric 
plate can serve as a planar transmission line such as a 
microstrip line. As the rotator rotates, the distance from 
the conductor or dielectric of the rotator to the conduc- 

10 tive strip or the opposing areas changes, thereby chang- 
ing the phase constant of the planar transmission line, 
thus causing a change in the phase of a signal propa- 
gating on the transmission line. The signal propagating 
on the transmission line changes in phase as the rotator 

'5 rotates, thereby reducing the product of mass and ac- 
celeration (inertia resistance). This does not require 
large power In order to change in phase at high speed, 
thereby reducing the produced vibrations. Therefore, a 
simple motor can be used to perform the phase control 

20 at high speed and to maintain sufficiently high mechan- 
ical reliability. 

[001 1 ] Preferably, the rotation axis of the rotator is po- 
sitioned substantially parallel to the conductive strip, 
thereby increasing the effect of the phase change as the 

25 rotator comes closer to the conductive strip. 

[0012] A phase shifter according to the present inven- 
tion may include two substantially planar conductive 
plates, a dielectric strip sandwiched between the two 
conductive plates, and a rotator at least partially includ- 

30 ing a conductor or a dielectric, the rotator being posi- 
tioned at at least one side of the dielectric strip so as to 
freely rotate while the rotation axis of the rotator is sub- 
stantially parallel to the conductive strip. 
[0013] Therefore, the two conductive plates, and the 

35 dielectric strip sandwiched therebetween can fomn a di- 
electric line. As the distance from the conductor or die- 
lectric positioned at either side of the dielectric strip to 
the dielectric strip, or the opposing areas changes, the 
phase constant of the dielectrk: line changes, thereby 

40 changing the phase of a transmission signal. The signal 
propagating on the transmission line changes in phase 
as the rotator rotates, and a large amount of power is 
not required to change phase at high speed, as previ- 
ously described. Therefore, a simple motor can be used 

^5 to perfonn the phase control at high speed and to main- 
tain sufficiently high mechanical reliability. Since the ro- 
tator is positioned at either side of the dielectric strip, 
the overall thickness of the dielectric strip sandwiched 
between the two conductive plates can be reduced. The 

50 rotator may also be positioned at the two sides of the 
dielectric strip, thereby maintaining a large amount of 
pha£Q «hjft. 

[001 4] Preferably, the rotation axis of the rotator is po- 
sitioned substantially in parallel to the dielectric strip, 
55 thereby increasing the effect of the phase change as the 
rotator comes closer to the dielectric strip. 
[0015] The rotator of the phase shifter may have a 
predetermined conductive pattern formed on a surface 
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of a tubular or cylindrical dielectric base, and can thus 
be simplified. The conductive pattern formed on the sur- 
face allows a variety of phase-shift patterns as the rota- 
tor rotates. Alternatively, the rotator may be fomned of a 
conductive member having a predetermined shape. The 
rotator can thus be easily produced. Variations of char- 
acteristics can also be reduced. 
[0016] In another aspect of the present invention, a 
phased-array antenna includes a ground electrode 
fomied on the above-described dielectric plate on which 
a conductive strip is formed, and a plurality of slots 
fomied in the ground electrode, through which electro- 
magnetic waves are emitted. 
[0017] Therefore, a transmission line fomied of the 
conductive strip can sen/e as a feed line for the slot an- 
tennas. The phase constant of the transmission line 
changes as the rotator rotates, thereby causing a 
change in feed phase with respect to the slot antennas, 
resulting in beam scanning. The phased-array antenna 
can theriefore be constructed with a simplified overall 
structure. In addition, even if beam scanning is per- 
fomned at high speed, the inertia resistance orvibrations 
can be reduced. Therefore, a simple motor can be used 
to perfoHT) the phase control at high speed with ease 
and to maintain sufficiently high mechanical reliability. 
[0018] In another aspect of the present invention, a 
phased-array antenna includes microstrip antenna 
patches formed on the above-described dielectric plate 
on which a conductive strip is fonned. Therefore, a line 
fomied of the conductive strip can serve as a feed line 
for the aligned microstrip antenna patches. The phase 
constant of the line changes as the rotator rotates, thus 
causing a change in feed phase with respect to the 
microstrip antenna patches. The phased-array antenna 
can therefore be constructed with a simplified overall 
structure. In addition, even if beam scanning is per- 
fonned at high speed, the inertia resistance orvibrations 
can be reduced. Therefore, a simple motor can be used 
to perfomi the phase control at high speed with ease 
and to maintain sufficiently high mechanical reliability. 
[0019] In another aspect of the present invention, a 
phased-array antenna includes a plurality of slots 
fomied in the conductive plate. Therefore, the slots can 
serve as slot antennas, and the dielectric line can serve 
as a feed line for the slot antennas. The rotation of the 
rotator causes a change in feed phase with respect to 
the slot antennas, resulting in beam scanning. The 
phased-array antenna can therefore be simple, com- 
pact, and lightweight. 

[0020] In another aspect of the present invention, a 
radar includes any of the above-described phased-array 
antennas, and a transceiver using the ohascd-array an- 
tenna for transmission and reception. The radar can 
thus perform high-speed scanning and can be highly 
shock-resistant. In addition, a simple motor can be used 
to perfomn the phase control at high speed and to main- 
tain sufficiently high mechanical reliability 
[0021 ] Other features and advantages of the present 



4 

invention will become apparent from the following de- 
scription of the invention which refers to the accompa- 
nying drawings. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 

Fig. 1 is a perspective view of a phase shifter ac- 
10 cording to a first embodiment of the present inven- 
tion; 

Fig. 2 shows a different rotator for use in the phase 
shifter; 

Fig. 3 is a perspective view of another phase shifter 

'5 incorporating a different rotator; 

Figs, 4A and 4B are diagrams of other shapes of 
the rotator for use in the phase shifter; 
Fig. 5 Is a perspective view of a phase shifter ac- 
cording to a second embodiment of the present in- 

20 vention; 

Fig. 6 is a perspective view of a modification of the 
phase shifter having a rotator arranged in a different 
manner; 

Fig. 7 is a perspective view of a phased-an-ay an- 
25 tenna according to a third embodiment of the 
present invention; 

Fig. 8 is a perspective view of a phased-an^ay an- 
tenna according to a fourth ennbodiment of the 
present invention; 

30 Fig. 9 is a perspective view of a phased-array an- 
tenna according to a fifth embodiment of the present 
invention; 

Fig. 1 0 is a perspective view of a phased-array an- 
tenna according to a sixth embodiment of the 
35 present invention; and 

Fig. 1 1 is a blocl< diagram of a radar according to a 
seventh embodiment of the present invention, 

DETAILED DESCRIPTION OF EMBODIMENTS OF 
40 THE INVENTION 

[0023] A phase shifter according to af irst embodiment 
of the present invention is now described with reference 
to Figs. 1 to 4. In the first embodiment, a microstrip line 

45 is used as a transmission line. 

[0024] Fig. 1 is a perspective view of the phase shifter. 
A conductive strip (strip line) 2 is formed on the lop sur- 
face of a dielectric plate 1. A ground electrode 7 is 
formed on substantially all of the under surface of the 

50 dielectric plate 1 . The dielectric plate 1 , the ground elec- 
trode 7, and the conductive strip 2 form a microstrip line . 

The phase shiftor further ino<u<i©o a rotator Q having an 

electrode 5 of a predetermined pattern formed on a sur- 
face of a cylindrical dielectric base 4. A rotation shaft 6 
55 of the rotator 3 extends substantially in parallel to the 
conductive strip 2 so as to sandwich the conductive strip 
2 between the rotator 3 and the dielectric plate 1 . As the 
rotator 3 rotates, the opposing areas of the conductive 
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strip 2 and the electrode 5, and the opposing areas of 
the conductive strip 2 and the remaining dielectric por- 
tion of the dielectric base 4 vary, thereby changing the 
phase constant of the microstrip line. This results in a 
periodic change in the phase of a signal propagating on 
the microstrip line. 

[0025] The center of gravity of the rotator 3 will not 
nnove in response to the rotation as long as the rotation 
axis matches the rotational symmetry axis, thus causing 
no vibration of the overall apparatus when it rotates at 
high velocity. This allows high-speed rotation, and re- 
markably increases the mechanical reliability. 
[0026] Fig. 2 shows another example of the rotator 3. 
In the example shown in Fig. 1 , a pattern Is formed on 
the surface of the base 4 such that the opposing areas 
of the dielectric portion and the electrode 5 with respect 
to the conductive strip 2 successively vary according to 
rotation of the rotator 3. In the example shown in Fig. 2, 
however, electrodes 5 are fonmed on the periphery of 
the cylindrical base 4 so as to extend with substantially 
constant widths. The structure of the other components 
shown in Fig. 2 is the same as that in Fig. 1 . 
[0027] Such an electrode pattern allows for switching 
between a state where the electrode 5 faces the con- 
ductive strip 2 on the dielectric plate 1 and a state where 
the dielectric portion of the base 4 faces the conductive 
strip 2 according to the rotation of the rotator 3. This 
causes a change in the propagation constant of the 
microstrip line, thereby providing a switch for switching 
between propagation and n on -propagation at a trans- 
mission frequency. Accordingly, the rotator 3 shown in 
Fig. 2 can function as a discontinuous phase-change 
switch. 

[0028] Fig. 3 is a perspective view of a phase shifter 

including still another rotator 3 which is different from 
those shown in Figs. 1 and 2. The rotator 3 is fonned of 
an elliptical cylindrical conductive member such as a 
metallic member. As the rotator 3 rotates about the ro- 
tation shaft 6 as the center of rotation, a gap between 
both the dielectric plate 1 and the conductive strip 2 and 
the rotator surface periodically changes. This gap caus- 
es a change in the phase constant of.the microstrip line, 
resulting in a periodic change in the phase of a signal 
propagating thereon. 

[0029] It is not necessary that the rotator 3 be com- 
pletely formed of a conductive member, but may be 
formed by forming an electrode film on substantially the 
entirety of an insulating base surface. 
[0030] It is not necessary that the rotator 3 be an el- 
liptic cylinder, but may be a cylinder whose rotation axis 
is off -centered with respect to the center of rotation sym- 
metry so that the gap between the rotator surface and 
both the dielectric plate 1 and the conductive strip 2 
changes as the rotator 3 rotates. 
[0031] Figs. 4A and 4B show other shapes of the ro- 
tator 3. 

[0032] In Fig. 4A, the rotator 3 is configured so as to 
have a substantially constant cross-section while the 



off-center direction and off-center amount with respect 
to the rotation axis in cross section change depending 
upon the axial position of the rotation axis, which is in- 
dicated by the dot chain line. 

5 [0033] In Fig. 4B, the rotator 3 is configured so that 
the cross section differs on the axis of the rotational 
center, which is indicated by the dot chain line. 
[0034] In-espective of the rotator shape, as the rotator 
3 rotates, the distance from the dielectric plate 1 and the 

10 conductive strip 2 to the rotator surface changes, which 
causes a corresponding change in the capacitance, 
thereby changing the phase constant of the microstrip 
line. Therefore, the phase shift can be controlled by ro- 
tation of the rotator 3. 

15 [0035] A phase shifter according to a second embod- 
iment of the present invention is now described with ref- 
erence to Figs. 5 and 6. The phase shifter according to 
the second embodiment uses a dielectric line as a trans- 
mission line. 

20 [0036] In Fig. 5, a dielectric strip 12 is sandwiched be- 
tween conductive plates 10 and 11 to form a dielectric 
line. A rotator 3 is positioned at one side of the dielectric 
strip 1 2 so that its rotation axis is substantially parallel 
to the dielectric strip 12. The rotator 3 is constructed in 

2S the same manner as shown in Fig. 3. 

[0037] In Fig. 6, a dielectric line is formed of upper and 
lower conductive plates 10 and 11 and a dielectric strip ^. 
1 2. Two rotators 3 are positioned at the two sides of the r. 
dielectric strip 12. 

30 [0038] With either structure shown in Fig. 5 or 6, as 
the rotator(s) 3 rotates, the distance from the rotator{s) 
3, which is a conductor, to the dielectric strip 12 chang- 
es, causing a change in the phase constant of the die- 
lectric line, resulting in a change in phase of a signal 

35 propagating on the dielectric line. 

[0039] As shown in Fig. 6, the rotators 3 which are 
positioned at the two sides of the dielectric strip 12 can 
maintain horizontal symmetry with respect to the direc- 
tion of electromagnetic propagation on the dielectric 

40 line. This prevents conversion to unwanted spurious 
modes, thereby reducing the loss resulting from mode 
conversion. Furthermore, two rotators can achieve a 
larger amount of phase shift. 

[0040] The rotator(s) 3 shown in Fig. 5 or 6 may be 
45 wholly formed of a conductive member, or, alternatively, 
may be fonned by forming an electrode film on substan- 
tially the entirety of an insulating base surface. As in the 
application to a microstrip line previously described, the 
rotator(s) 3 may also have any configuration in cross 
50 section, or may have a different configuration in cross 
section at points along the rotation axis. 
[0041] A phased-array antenna according to a third 
embodiment of the present invention is now described 
with reference to Fig. 7. 
55 [0042] In Fig. 7, a conductive strip (strip line) 2 is 
formed on the top surface of a dielectric plate 1 . A 
ground electrode is formed on substantially the entirety 
of the under surface of the dielectric plate 1 , in which a 
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plurality of slots 8 are formed so that the electrode Is 
partially made open at predetemiined positions. 
[0043] The dielectric plate 1 . the ground electrode on 
the under surface, and the conductive strip 2 form a 
microstrip line, from which an electromagnetic field ra- 5 
diates downward through the slots 8. If a feed is in- 
phase with respect to the slots 8, the axis of the beam 
is directed orthogonally to the dielectric plate 1 . If a feed 
is out-of-phase with respect to the slots 8, so that the 
phase is progressively delayed or advanced along the io 
conductive strip 2, beam scanning can be perfomied on 
the plane orthogonal to the dielectric plate 1 . As previ- 
ously described with reference to the embodiments of 
the phase sh ifter, as the rotator 3 in proximity to the con- 
ductive strip 2 rotates, the distance from the rotator sur- '5 
face to the conductive strip 2 successively changes, 
causing a successive change in the phase constant of 
the microstrip line. As a result, the feed is out-of-phase 
with respect to the pluralily of slots 8 along the conduc- 
tive strip 2. Thus, beam scanning is perfomied accord- 20 
ing to the rotation of the rotator 3. 
[0044] A phased-array antenna according to a fourth 
embodiment of the present invention is now described 
with reference to Fig. 8 

[0045] In Fig. 8, a conductive strip 2 and microstrip 25 
antenna patches 9 are fonmod on the top and under sur- 
faces of a dielectric plate 1 . respectively. The patches 9 
on the under surface of the dielectric plate 1 are coupled 
with the conductive strip 2 on the top surface. The line 
fomied by the conductive sinp 2 serves as a feed line 30 
forthe microstrip antennas. As the gap between the con- 
ductive strip 2 and the rotator 3 changes, the feed shifts 
the phase with respect to the microstrip antennas. This 
results in beam scanning in the same way as shown in 

^«g- 7. 35 

[0046] A phased-array antenna according to a fifth 
embodiment of the present invention is now described 
with reference to Fig. 9 

[0047] In Fig. 9, a dieleclnc strip 1 2 is placed between 
conductive plates 1 0 and 1 1 . thereby fonning a dielectric 40 
line. As shown in Fig. 9, a plurality of slots 8 are formed 
in the conductive plate 10. Electromagnetic waves prop- 
agating on the dielectric Imc are emitted through the 
slots 8. serving as slot antennas. A rotator 3 which is 
constructed in the same manner as previously de- 45 
scribed for the phase shifter is positioned at one side of 
the dielectric strip 12, and the phase constant of the di- 
electric strip 12 changes as the rotator 3 rotates. How- 
ever, the shape of the rotator 3 is determined so that the 
phase constant progressively changes in the direction 50 
of electromagnetic propagation on the dielectric line. 
Therefore, the food progressively shifts in phase with 
respect to the slots 8 in the direction of electromagnetic 
propagation on the dielociric line as the rotator 3 rotates, 
resulting in beam scanning 55 
[0048] Although the slots 8 are formed in the upper 
conductive plate 1 0 in Fig 9 slots may be formed in the 
lower conductive plate 11 in the same way to emit the 



beam downward. The structure in which slots are 
formed in both upper and lower conductive plates allows 
the beam to be emitted upward and downward. 
[0049] A phased-an-ay antenna according to a sixth 
embodiment of the present Invention is now described 
with reference to Fig. 10. 

[0050] In Fig. 10, a primary dielectric strip 12 and a 
plurality of auxiliary dielectric strips 1 3 which extend per- 
pendiculariy to the primary dielectric strip 12 are sand- 
wiched between conductive plates 1 0 and 1 1 . The upper 
and lower conductive plates 1 0 and 1 1 , and the dielectric 
strip 12 and the dielectric strips 13 sandwiched there- 
between forni dielectric lines. The dielectric line formed 
by the dielectric strip 12 and the conductive plates 10 
and 1 1 is coupled with the dielectric lines fomied by the 
dielectric strips 1 3 and the conductive plates 1 0 and 1 1 . 
Slots 8 are fonued in the conductive plate 10 along the 
dielectric strips 13. With this structure, electromagnetic 
waves propagating on the dielectric strips 1 3 are emitted 
through the slots 8. As in the embodiment shown in Fig . 
9, a rotator 3 is positioned at one side of the dielectric 
strip 12, and the phase constant of the dielectric line 
fomied by the dielectric strip 12 continuously changes 
in the direction of electromagnetic propagation as the 
rotator 3 rotates. This results in beam scanning in the 
same way as shown in Fig. 9. 

[0051] Although the slots 8 are formed in the upper 
conductive plate 10 in Fig. 10, slots may be formed in 
the lower conductive plate 11 in the same way to emit 
the beam downward. Slots which are fomied In both the 
upper and lower conductive plates would allow the 
beam to be emitted upward and downward. 
[0052] A radar apparatus according to a seventh em- 
bodiment of the present invention is now described with 
reference to Fig. 11. 

[0053] In Fig. 1 1 , a voltage controlled oscillator (VCO) 
20 includes a Gunn diode, a varactor diode, and the like. 
An isolator 21 prevents a reflected signal from returning 
to the VCO 20. A coupler 22 is a directional coupler in- 
cluding an NRD guide for taking a portion of transmis- 
sion signal as a local signal. A circulator 23 is operated 
to feed the transmission signal to an antenna 24, and to 
transmit a received signal toward a mixer 25. The mixer 
25 mixes the received signal with the local signal to out- 
put an intemiediate frequency signal. An IF amplifier 26 
amplifies the intemiediate frequency signal to apply the 
resulting IF signal to a signal processing circuit 27. The 
signal processing circuit 27 detects the distance to a tar- 
get object and the relative velocity on the basis of a re- 
lationship between a modulation signal of the VCO 20 
and the received signal. 

[0054] The antenna 24 is implemented by the antenna 
apparatus described with reference to Figs. 7 to 1 0. As 
described above, beam scanning is performed by rota- 
tional control of a rotator in the antenna apparatus, al- 
lowing for beam scanning at low power, so that low pow- 
er consumption can be achieved as a whole. Further- 
more, the antenna apparatus is not susceptible to vibra- 
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tions associated with beam scanning, resulting in in- 
creased scanning speed and increased shock resist- 
ance. Higher-speed beam scanning is possible for the 
same reason, thus increasing the radar coverage range 
whereby a target can be located from within a broader 5 
beam scanning range in a shorter period of time. 
[0055] Although the present invention has been de- 
scribed in relation to particular embodiments thereof, 
many other variations and modifications and other uses 
will become apparent to those skilled in the art. There- io 
fore the present invention should be limited not by the 
specific disclosure herein, but only by the appended 
claims. 



Claims 

1. A phase shifter comprising: 

a substantially planar dielectric plate (1 ); 20 
a conductive strip (2) formed on the dielectric 
plate (1); and 

a rotator (3) at least partially including a con- 
ductor (5) and a dielectric (4), said rotator (3) 
being positioned in proximity to said conductive 25 
strip (2) so as to rotate. 

2. The phase shifter of Claim 1 , wherein said rotator 
(3) has a rotation axis (6), the rotation axis (6) being 
substantially parallel to said conductive strip (2). 30 

3. A phase shifter comprising: 

two substantially planar conductive plates (1 0, 
11): 35 
a dielectric strip (12) sandwtehed betv/een the 
two conductive plates (10, 11); and 
a rotator (3) at least partially including at least 
one of a conductor (5) and a dielectrk: (4), said 
rotator (3) being positioned at at least one side 
of said dietectrte strip (1 2) so as to rotate. 

4. The phase shifter of Claim 3, wherein the rotator (3) 
has a rotation axis (6), the rotation axis being sub- 
stantially parallel to said conductive plate (10, 11). 

5. The phase shifter of Claim 1 , wherein said rotator 
(3) has a predetemnined conductive pattern formed 
on a surface of a tubular or cylindrcal dielectric 
base (4). so 

6. The phase shifter of Claim 3, wherein said rotator 
(3) has a predetemnined conductive pattern formed 
on a surface of a tubular or cylindrical dielectric 
base (4). 55 

7. The phase shifter of Claim 1 , wherein said rotator 
(3) comprises a conductive member (5) having a 



predetenmined shape. 

8. The phase shifter of Claim 3, wherein said rotator 
(3) comprises a conductive member (5) having a 
predetermined shape. 

9. The phase shifter of claim 3, further comprising a 
second rotator (3) positioned at one side of said dt- 
electrk: strip (12) so as to rotate. 

10. A phased-an-ay antenna comprising: 

a substantially planar dielectric plate (1); 

a conductive strip (2) fomried on the dielectric 

plate (1); and 

a rotator (3) at least partially including a con- 
ductor (5) and a dielectric (4), said rotator (3) 
being positioned in proximity to said conductive 
strip (2) so as to rotate; 
further comprising a ground electrode formed 
on the dielectric plate (1 ); and 
a plurality of slots (8) fomed in the ground elec- 
trode, through which electromagnetic waves 
are emitted. 

11 . A phased-array antenna comprising: i 

a substantially planar dielectric plate (1 ); 

a conductive strip (2) formed on the dielectric 

plate (1); and 

a rotator (3) at least partially including a con- 
ductor (5) and a dielectric (4), said rotator (3) 
being positioned in proximity to said conductive 
strip (2) so as to rotate; 
further comprising microstrip antenna patches 
(9) formed on the dielectric plate (1). 

12. A phased-array antenna comprising: 

two substantially planar conductive plates (1 0, 
11); 

a dielectric strip (12) sandwiched between the 
two conductive plates (10« 11); and 
a rotator (3) at least partially including at least 
one of a conductor (5) and a dielectric (4), said 
rotator (3) being positioned at at least one side 
of said dielectric strip (12) so as to rotate; 
further comprising a plurality of slots (8) formed 
in at least one of the conductive plates (10.11). 

13. A radar comprising: 

a phased-an-ay antenna, the phased-array an- 
tenna comprising a substantially planar dielec- 
tric ptate (1); 

a conductive strip (2) formed on the dielectric 
plate; and 

a rotator (3) at least partially including a con- 
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ductor (5) and a dielectric (4), said rotator being 
positioned in proximity to said conductive strip 
(2) so as to rotate: 

further comprising a ground electrode formed 
on the dielectric plate (1); and 
a plurality of slots (8) formed In the ground elec- 
trode, through which electromagnetic waves 
are emitted; and 

further comprising a transceiver unit using the 
phased-array antenna for transmission and re- 
ception. 

14. A radar comprising: 

a phased-an-ay antenna (24), the phased-array 
antenna comprising a substantially planar die- 
lectric plate (1); 

a conductive strip (2) formed on the dielectric 
plate (1); and 

a rotator (3) at least partially including a con- 
ductor (5) and a dielectric (4), said rotator (3) 
being positioned in proximity to said conductive 
strip (2) so as to rotate; 
further comprising microstrip antenna patches 
(9) fomied on the dielectric plate (1); and 
further comprising a transceiver (20, 21 , 23) 
unit using the phased-array antenna for trans- 
mission and reception. 



plurality of further dielectric strip (13) are provided 
sandwiched between the two conductive plates (10, 
1 1 ) and disposed so that the lengths thereof are per- 
pendicular to said dielectric strip (12). 
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15. A radar comprising: 

a phased-an-ay antenna (24), the phased-array 
antenna comprising two substantially planar 
conductive plates (10, 11); 
a dielectric strip (12) sandwiched between the 
two conductive plates (10, 11); and 
a rotator (3) at least partially including at least 
one of a conductor (5) and a dielectric (4). said 
rotator (3) being positioned at at least one side 
^of said dielectric strip (12) so as to rotate; 
further comprising a plurality of slots (8) fonned 
in at least one of the conductive plates (10,11); 
and further comprising a transceiver (20, 21, 
22. 23, 25, 26) unit using the phased-an-ay an- 
tenna (2) for transmission and reception. 

1 6. The phased-array antenna of claim 1 2, further com- 
prising at least one further dielectric strip (13) sand- 
wiched between the two conductive plates (1 0, 11 ), 
said further dielectric strip (13) being disposed so 
that its length is perpendicular to said dielectric strip 
(12). 



30 



35 



40 



45 



17. The phased-array antenna of claim 16, wherein the 
plurality of slots (8) are formed in the conductive 
plate (10) adjacent to the further dielectric strip (1 3). 



55 



18. The phased-an-ay antenna of claim 16, wherein a 



8 



EP 1 251 586 A2 




9 



EP 1 251 586 A2 




CM 



LL. 



DOCID <EP l25ISe6A2 I > 



10 



EP 1 251 586 A2 




11 



EP 1 251 586 A2 




IjOCIO "BP l25l5e6A2 I > 



12 




•:0 <EP MSMhEAi I > 



13 



EP 1 251 586 A2 




LL 



14 



EP 1 251 586 A2 




Li. 



0 <EP 125i5e€A2 I > 



15 



EP 1 251 586 A2 

V 




X)CID <EP 125T586A2 I > 



16 



EP 1 251 586 A2 




OD: <EP . 1251566*2 I > 



17 



EP 1 251 586 A2 





18 



(19) 



J 



Europdisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



Hi 

(11) EP 1 251 586 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

21.01.2004 Bulletin 2004/04 

(43) Date of publication A2: 

23.10.2002 Bulletin 2002/43 

(21) Application number: 02008401.8 

(22) Date of filing: 12.04.2002 



(51) intci7: HOI 0 3/26, HOI Q 3/32, 
H01P1/18 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Kitamori, Nobunfiasa, 


MC NLPTSETR 


c/o(A170)lntell.Prop.Departme. 


Designated Extension States: 


Nagaokakyo-shi, Kyoto-fu 617-8555 (JP) 


AL ir LV MK RO SI 


• Hiratsuka, Toshiro, 




c/o(A170)lntell.Prop.Departm. 


(30) Priority: 16.04.2001 JP 2001116988 


Nagaokakyo-shi, Kyoto-fu 617-8555 (JP) 


(71) Applicant: Murata Manufacturing Co., Ltd. 


(74) Representative: Schoppe, Fritz, Dipl.-lng. 


Nagaokakyo-shi Kyoto-fu 617-8555 (JP) 


Patentanwatte Schoppe, Zlmmermann, 




Stdckeler & Zinkler, 




Postfach 246 




82043 Puliach bei MOnchen (DE) 



(54) Phase shifter, phased-array antenna, and radar 
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(11) conductive plates, and a dielectric strip (12) sand- 
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plurality of slots (8) formed in the upper conductive plate, 
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distance from the rotator to the dielectric strip varies as 
the rotator (3) rotates. As the rotator (3) rotates, the 
phase constant of the dielectric line progressively 
changes in the direction of electromagnetic propaga- 
tion. The rotation of the rotator (3) causes a change in 
feed phase with respect to the slots as the rotator (3) 
rotates, thereby performing beam scanning. 
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